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<S> Imaging Immunoassay detection system and method. 

@ Light generated by one or more chemical reactions in a dis- 
Z:, 3 17 , » l d "«7" in «»- as «o emissions perreactio and 
prising " ° ,thereacti °^. e.g. using a system com- 

J Samp,e carrier havi "9 spaced-apart discrete areas each 
lEE^ET CaPab ' e °' ^ »° « ' 

reac a or s r„;^ 

a s.gnal generator coupled to the photon receiver for 
generatmg a s.gna. representing ,he x-y location of each reac- 

cn .,Jr<n e H i9nal 9enera,or mav be a photomultiplier. charge- 

suaed tofhe V l e ,° r V,diC °" tUbe " ThG inVen,io " is P^-u,a 9 rly 
suited to the determ.nat.on of reactions and non-reactions, e g 

tia.lv con, 3 ! 3 " 37 ° f ' 3bel,ed antib ° dieS and a s * eci ™" PO' a " : 
munoassay ^ °' 'O™**™™'* antigens, in an im- 
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This invention relates to an • . 
detection system and method. ^ in ™ s -Y 

BACKGROUND OF THE IMVP^rnK, 

Highly sensitive instrumentation * 
= tec hniques has been developed to anao! Z 

reactions of extremely smafl gul«* «* 
chemical substances. For I " °* Wological and 

• «xaropi e , instruments for 

radioimmunoassay are used which are sens!* 
and precise, but require expensi^ ' accurat « 

» equipment, other disadvantage of ^^"^ 

the short half-life of the r * SyStemS ihclu<Ja 

- usinq and «^^JT^S;.r ^ *~ 
in such assays. aaxoactxve compounds used 



in such assays. 

L5 



Another prevalent technioue i « " *.u 
enzyme immunoassay which utalxsL Perimetric 
enzyme-linked 1b JL utlll ^s enzymes as labels. An 

yn»e ixnked xmmunoreactant binds either to an • 
or to an antibody ca „ ei n„ to an «.ntigen 

^antitative mratre of X^rf " " hiCh yieldS » 
can be detected b y a colour Z^^^ 
" usually slower than other conventual tech" *" 
involving automated assays. techniques 

A third method that can be used is a <n 
immunoassay, based on the labelling ^ ^°? 5 ™ 
antibody with fluorescent probes. Osf a -< 32097 ^" 
a photon-counting fluorimeter t h« discloses 

source t p excite the solution, as disclosed" ll9ht 
US-A-3984533 Arr^-ir. n 

sample at a ^ime * W *" C " P — 

-instrumentation for luminescence assays 
advantageously involves a self-exciting i • 
astern, i„ direct contrast tQ f £££. ^cTuIm 
an external light source. In general, existing 
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iuminometers *r-<* 

cj:s ar © complex ^ 

«" "b«antial , MntiliM ^«- and require J 
"urther efforts to ,„ th « "agent bei„ 9 . sarepl «S 
—Pie simult.neously, anal ^« than one reagent J 

5 been successful -J-antitative sense h. 

* a system ^r^sT"' ^ "* -^StraT 

sets: Assay - : ^sr: ----- 

Cal Che ""try, vol. 27 »„ „ ' ace to ti9en", 

carrier is prepared ^J 7 »»• • <»«,, wherein a 

Dr °Y nalySiS »> • l-incnete, „ h - P h 1Urality ° f "agents 1 
Production during rMct ^ lcn measures t 

this method and apparatus hi?"""" 1 "'- »«*v.r. 1 
requiring the react . ons We disadvantage of I 

» el 8 time - A "'"oprocesso waTusT "«"""-"V. one J 
and ai valves for ^ "« «~a to control flnld | 

«ell the carrier was moved in a„ to each 

the ^dividual weli6 » « *-y Plan, to position 

o^er to enable the photons * °*" * P h ototube, i„ 

o°unted. The results re;: ,;: 1 " 63 * to be 

tho h photQns ^ er drspl ay ed by a printer. ^ 

"tervals, obviously a great d , ""^ " 10 "oond 
quired to analyse hundred, o" " W ° U " b * 

specimens i„ sequential order ° f test 

In addition gb > „, °" e at a time. 

" ohemiluminometer .o^ ^ Closes a 

-Pies. The results S oTt U aL a e n d e ° U h Sly "'"^ 
semi-quantitative, tamed, hovever, are only 

It has heretofore not x 
30 lu -l«»oent assays on multiple 6 " *° °« 

srmultaneously i„ . short p «i ' ""^ 

Presently existing technolog ^V'"" SeC ° na *" 

" a "» *»° often requires ,f! ° nly ° ne such — ^ 

*" MX or more. 

arge volume samples, i ~ 

35 "luminesce, ^ e » r e t' a ;;V7 ! "Ascent- and 

" kl " dS ° f emission except 
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incandescence and include chemiluminescence, 
b excrescence, prompt fluorescence. delayed 
fluorescence and phosphorescence and the lL 

with a ^ans'r 6 * ^°~^IL 

with a transparent photocathode . It is „ „ 

in astronomy and geophysics. Proposed for use 

SUMMARY OF THP T> n „ t , TTrt , 

the present invention overcomes th. „• 
10 and provides an I.,,,. . WS the 9 lven drawbacks 

S yste p „ ^zzi^TZTzitir: 10 - apparatus 

-Itiple light-emitting reactionTfroI ^volume 1 "' 
samples simultaneously. volume 

The present invention is very advanf, 
15 as it is verv rar^vi k . advantageous inasmuch 

simul/ f because it analyses all samples 

simultaneously, is extremely accurate because it I • 

=rrr — :; ~ - - ~ :=F* 

standard such as a known sample to ob tfli „ "ternal 
0 information, is adaptable with a «L e L ZdT"" 
particular wavelength of light, and rs versatlle^n^that 
»t can detect assays reguiring external light as well ' 
those that do not reguire external light, thus "elng ab e 
to operate with immunoassays utilising luminescence and 
5 fluorescence and the like. uminescence and 

In brief, the present invention comprises an ,„,„„■ 
system for detecting phot o„s generated by' chemical 9 ' 
reactions comprising sample carrier means having a 
Plural^ of individual areas each containing individual 
chesucal reactant samples capable of emitting photons 
a reaction takes place, the plurality of reactant! 
contamrng areas being arranged in spaced relationship 
with respect to each other, i m agi„g means aS sociated with 
sard carrier means for simultaneously receiving 
individual photons emitted from each area sample where a 
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reaction is takinq nlac^. 

g L p ;;:; s g ;:r:r j\ the 

representing the x - y locatio „ Qf 1 

generating a photon, „ nereby ^ reacta „ t£ £ 
5 sample having . reaction » each area 

emlSSlons «•* «ny Predetermined period of til " 
simultaneously identified. "* y be 

The invention also comprises a method of 
Simultaneously detecting photons generated hv , , 
10 of chemical reactions, comprising the steps of * 
a plurality of individual chemical reactlnt samT^" 9 
capable of emitting photons when a reaction ZZ "^ 

respecTt 63 ^ ""^ * ~ ^' 

respect to each other, and simultaneously detecting the 

r eS r Ce l0C " i0n ° f " Ch P-o" Emitted fLm any 

reacting samples, whereby the total number of photonl 

pTrioTofT re<,Ctln9 SamPle "« * Predetermine,, 

period of time may be determined. 

20 raoi/T PrSSent lnVention "or only extremely 

Ilso h, Pr ° CeSSeS Si " UltaneOUSly mUl "* 1 « "says, but 
also^enables considerable economies to be made in ttie use 

of often expensive reagents concerned because only small 
quantities of samples are required. 
DESCRIPTTOM Of the DRAMTK , n <. 

Figure 1 is a diagrammatic representation of the 
novel photon detection system; 

Figure 2 is a diagrammatic representation of the 
imaging photon detector used in the system of Figure 1- 
Frgure 3 is a representation of both background ' 

<where b S v 19 : h alS b an t d Si9nalS -as of reaction 

leavlno T «*■.• "'-Is may be cancelled, 

leaving only reaction signals) , 

ant /^T " represents e carrier in which multiple 
35 standard ♦* *" Simult e-ously or in which a 

standard reaction may be compared with other reactions- 
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Figure 5 is a diagrammatic representation of how a 
wavelength interference filter may be used with the 
carrier of Figure 4 to pass only a particular light 
wavelength, thereby allowing only photons of a particular 
wavelength corresponding to a labelled antibody to pass 
to the imaging detector; 

Figure 6 is a schematic representation of a circuit 
xn a microprocessor for subtracting background noise from 
the sample signals to obtain an output signal 
representing substantially only pure photon emission from 
a reactant sample; and 

Figure 7 is a diagrammatic representation of the use 
of invisible ultraviolet radiation as a source of 
external light. 
DETAILED DESCRIPTION 

The apparatus of the present invention, which will 
be described in further detail below, may be utilised 
with any number of different assay techniques as stated 
earlier, but will be described with particular reference 
to the use of luminescent immunoassays in the detection 
of antigen-antibody reactions. More particularly, the 
invention can be employed to detect the characteristic 
reactions of labelled monoclonal and polyclonal 
antibodies with antigens found in samples such as urine, 
faeces, blood, milk and water and the like. 

Polyclonal antibodies are well-known. Monoclonal 
antibodies may be prepared by the technique first 
described by Kohler and Milstein, Eur. J. Immunol. 6, 292 
(1975) . in order to detect the presence of particular 
antigens, the monoclonal antibodies may be labelled with 
a multitude of different labels, such as luminescent or 
fluorescent compounds. Further, the particular labels 
utilised in the present invention must be capable of 
emitting light once the antigen-antibody reaction occurs, 
and thus the reactions are designated as "light-emitting 
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ge'ne'rTwirh ""J P " Sent ^'"'i 0 " Wi » * — in 
general with reference* = 1 • 

e to a lummescent-labelled 
monoclonal antibody, although f i 

be usorl « „• , Although fluorescent labels may al So 

5 « e ■ S h6reafter - As used herein, the term 

a 1 T;: anS COmbinati - of U, a monoclonal 

antibody labelled with a luminescent or fluorescent 
compound, and (2) an antigen. orescent 

Luminescence is the emission of light bv an 
molecule as an electron is t™.* t ° r 
10 efaf - " 13 transferred to the ground 

10 state from a higher energy state. m both 

chemiluminescent and bioluminescent reactions, the free 
energy of a chemical reaction provides the energy 
required to produce an intermediate reaction or product 

is :\ : tron icaiiy excited — iz 

light l h \ grOUnd State is -companied by emission of 
light. Biolummescence is the name given to a special 
form of chemiluminescence found in biological systems 
such as the firefly, in which a catalytic * ^J^* 

20 LIT'-" 011 " 1UCiferaSe ' ^e efficiency of 

the luminescent reaction, when this luciferase enzyme is 

1^,21: its t substrate ' iuci — - 

of ATP (adenosine triphosphate, , magnesium and oxygen a 
flash of light is produced, whose intensity is 

25 TheT^rV 0 ^ am ° Unt ° f ATP PrSSent in sample 
The firefly lucif erase/lucif erin/ATP system is as 

follows : 

flTP iTAitir n e > "* + pp + -v 

where hv is the energy of a photon, h is the Planck 
30 photon"' an<3 " " freqUen ^ «30ciated with the 

Assays of the invention can directly determine the 
nosier of live organises in a sample, either because the 
presence of ATP in a test sample indicated live cells, or 
35 because of the presence of immunoglobulins labelled with 
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a luminescence-detectable enzyme (like peroxidase or 
luciferase) . 

Chemiluminescent substances such as luminol may also 
be utilised in a horseradish peroxidase-catalysed 
oxidation, as follows: 

luminol peroxidase products + hv 

H 2°2 

In the present invention, the "light-emitting 
reactions" generate photons which are coupled to an 
imaging device such as an imaging photon detector, a 
charge-coupled device, or a vidicon tube (any of a 
variety of camera tubes having a photoconductive target) . 
In the preferred embodiment, an imaging photon detector 
is used. 

In particular, the reactions may be generated by 
reactants spatially arranged in individual areas on a 
sample carrier in a single row or column or by a 
two-dimensional array of reactants spatially arranged, 
for instance, in rows and columns. For example, a 
carrier may have an array, such as rows, of 1 mm outside 
diameter nylon tubes containing the labelled monoclonal 
antibodies, to which is added the specimen or specimens 
being tested for the presence of an antigen. The fluids 
involved are self-contained and of a very small volume. 
Thus, an advantage of the present invention is that the 
imaging photon detector can quantify (in 10 seconds or 
less) light emitted from multiple "light-emitting 
reactions", in volumes of 3 ul or less, i.e. much smaller 
than can be used in known apparatus. 

Another carrier suitable for use with an imaging 
photon detector is a microtiter plate with multiple 
samples in rows and columns. A particular plate may 
contain as many as 96 individual wells. Each well 
contains different labelled monoclonal antibodies 
adsorbed on the surface of the plate. A portion of the 
specimen is added to each well. The presence and 
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quantity of a particular antigen in 

determined by the number of D x " *" lndividuaI ^11 u 
antigen-antibody reaction. * derated by the 

A third carrier involves tho 
5 Mobilised antibodies on * ■, princi P^ of usi ng 

individual areas on a plural! "™ ,bUisea « 

filament may bear . ^J™^ -c h 

antibody capable o f e^tt", m ° n ° Cl °" al 
10 an antigen. Because J ll f tHe d «-"™ o, 

filaments generate light t tl °" the 

the present invention counts the ^ li9ht ' 

i"»ingin, upon a light slnsit lnd " ldual P»otons 
^0 Paging photo „ det : c S t h 0 t r TC " SltiVe Photocathode of an 

Bach of the above neans for contains 
of reactants can be used in ,„ Contalnin 9 « Plurality 
described below, i„ which " a *P«*tus systes, 
the specimen easier C ° ntain " " as 

The apparatus system will x» ^ 
reference to Figures 1 a "d 2 ""^ With 

of -numple bL^aT tZ ^""'"^ »"* -lysis 

o -tector. The ~ isr jrz^^r photon 

0 concentrations of substances present In ^ ^ * l0 " 
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Fig. 1 shows a specimen carrier means 10 which may 
xnclude a plurality of fluid samples all capable of 
simultaneously undergoing a reaction. Samples can be 
spaced in individual areas as a row or column or in a 
two-dimensional array of rows and columns as shown in 
Fig 3 and Fig. 4, for example only. The reactions that 
produce light generate photons 12 which are focused by an 
optical system 14 to form the image of the light outputs 
of each of the samples on a photoconductive target form- 
ing a portion of an imaging photon detector (ZPD) 16 The 
imaging photon detector 16 will be disclosed in detail 
hereinafter but is known in the art; it immediately 
converts incoming light into quantitative information 
which can be stored and processed within a memory of any 
conventional computing means such as a microprocessor 24 

The imaging detector 16 of the present invention 
takes simultaneous readings of discrete sample areas such 
as the solid dark areas of Fig. 3 , rather than averaging 
the readings of the entire sample area (including the 
carrier area surrounding the sample) . Background noise, 
represented by the shading lines in Fig. 3 , is caused by 
non-specific binding antigens or antibodies to the solid 
surface of the carrier, which are not washed away in the 
preparation of the carrier. Conventional detectors read 
these signals generated by this undesirable binding and 
because these conventional detectors average the signal' 
over the entire sample area, they interpret these 
undesired false signals as a positive reaction. 
Background noise effectively decreases the sensitivity of 
the assay at relatively low levels of concentration, 
where the positive reaction signal has nearly the same 
intensity level as the background noise. 

The present invention eliminates the background 
noise problem by simultaneously reading the signal from 
the background environment and the signal from the 
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readings n " °" ^ "^"^ ^ *"» 

readings. Because the present imaging immunoassay 

reaction areas at the sa.e instant, a real tine 

™' ° f the *«- the discrete areas or 

reacts xn a two-dimensional array can he ta*en 
averaged, and compared with the signal representing 
background noise caused by the nonLecif L b " 
computer 2 , can analyse and display Le r u s ^y"" 
subtracting f IO m the signals representing the discrete ! 
areas of reactions the signals representing the 

» evaiurr:;^:;: :u h : h p ::T: s :::r caB 

without repositioning the ^1".^^^. 
«smg sequential detection, resolution errors th!f 
from imprecise mechanical repositioning of the ^^1" 
between measurements as required in *hl sa »Pl« 
20 eliminated. required ln the prror art are | 

Since the present imaging immunoassay detection [ 
system can loo. at more than one discrete reaction at a 
*-.. contrasting reactions can he analysed relative to 
one another. By way of illustration, in a I 
two-dimensional array of samples as in a microtiter tray I 
represented in Pig. 4 , reactions can be compared I 
srde-by-side simultaneously. The amount of photons 
generated by each reaction can be read and analysed by I 

30 In thiT rel " iVe e " ent ° f "action compared. 1 

Way ' a more -curate comparison can be made I 

between specific samples, thus providing better test I 

results. »s an example, a negative reaction may be \ 

Placed » , discrete area A in Fig. 4. to serve as a I 
control for purposes of comparison with a positive 

reaction in a discrete area B. The negative reaction in ! 

i 
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discrete area A may still generate spurious signals 
caused by non-specific binding, as pointed out earlier. 
This background noise level is potentially constant 
across a given carrier such as a microtiter tray and is 
useful in setting up a base level of signal generation 
from which more positive reaction can be compared. 

Thus, the present imaging system is capable of rapid 
quantitative analysis of samples. Because of its unique 
ability to simultaneously read and analyse numerous 
samples, the time necessary to produce results is 
dramatically reduced. 

Furthermore, the sensitivity of the present imaging 
system allows for very accurate measurements even at very 
low concentrations of the samples. For instance, an 
imaging photon detector is capable of measuring 
individual photons of light. By using amplifiers, the 
system is able to register very low concentrations of 
materials and is therefore useful in areas such as 
diagnosing for the presence of infectious organisms, as 
well as drug monitoring and disease detection. 

Because of its sensitivity, the imaging system can 
not only detect minute quantities of a reaction samples, 
but can also read a very small area of reaction. Thus, 
the amount of reagent and the area which are needed to 
conduct the assay are less then before, thereby 
minimising the cost of reagents and carrier materials. 

The output of the imaging photon detector 16 on line 
18 comprises analog signals which represents the x-y 
spatial correspondence of each detected photon, thus 
identifying electrically the x-y address of the sample or 
specimen that produced the light. These analog signals 
are coupled to an analog-to-digital (A/D) converter 20 
which produces digital output signals on lines 22 
representing the spatial orientation of the specimen 
source producing the photon received by the imaging 
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photon detector l e. *r>* 

«gitai . lgM1 . 22 are co : Pled u °:: p • The 

which stores and analyses L • """Processor 24 

5 be programed to display it ''""^ inf °™ ati °" «d can 
reactions continue to general f °~ t - 
-sired predetermined per od of L e ^ 
10 seconds or less, and the number of 1*1 " 
each reacting sample is accumulated in the * ^^"^ * 
10 ^"Processor 24. Th „ s . microprocessor 24 "T °' 
signals on line 2 6 to video display 28 \ " 
visual display and analysis or The " 3 ° 
accumulated, from samples 10. received, and 

A bar chart may be dis D l»„»^ 
«»ich identifies each of th Vide ° te ™inal 28 

relative amount o L or IT ^ " lu "rates the 
generated by each samp^ . ^TT'J' ^ 

address) can be produced t h. • .. " x_y 

generated by each samol ' lntensit v or the light 

y eacn sample being indicate »,»v 
or by numerals, thus id.„„ , °"ated either in colour 

generating the greatest ™ ' Sa ™ Ple is 

» Microprocessor 11?°"' ° f Piously, the 

samples as desired to T *"* 0per " io " ™ the 

to compensate f 0 : a „: ZTV^ """"^ — 
ior an y inherent noise in 

es by subtracting the background noise as ^ 
earlier. Noise ^ ° 1Se ' as explained 

- -aging V^S^?*^ «- 

well known roanner such J^^J" 1 "* » in any 

or a refrigerant about th. • eir ° Ulatln 9 * c °°ling liquid 

■ - — ...... rxx"=zir 1 *rr - 
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Fig. 2 is a diagrammatic representation of the 
construction details of the Paging photon detector used 
tHe • , ™ f ««- embodiment herein and which is Xnown in 
the art. The detector may be type lpool or type 
> manufactured by Znstrument Technology Limited in East 
Sussex, England. The imaging photon detector 16 is a 
two-dimensional imaging sensor capable Qf detec 
extremely wea* radiation, e.g. capable of detecting an 

COnteBt ln th * —Pi. down to as low as 10" 16 
moles/sample. As indicated earlier, that image is 
produced in analog form which is converted through an 
analog-to-digital converter 20 to a digital form for 
use by the microprocessor 24. 

Light is composed of individual photons. Each 
individual photon has an extremely small amount of energy 
---ated therewith. Xn most common images, the lig^t 
contains fluxes of millions or billions of photons pL 
square centimeter and per second. Using the imaging 
Photon detector 16, each incoming photon has a high 
probability of detection by the photocathode 32 

The photoconductive target 32 can thus be thought of 
as equivalent to a photographic fil m except that it has a 

H ltlVlty ° f the of 100 times greater. When a 

Photon strikes the light sensitive photocathode 32, a 
photoelectron is released from photocathode 32 and is 
immediately accelerated into a series of microchannel 
Plate intensifies or amplifiers 34. As a result of the 
intensification created by microchannel plates 34, a 
gain in the range of 3xl0 6 to 3xl0 7 electrons is emitted 
from the rear of each microchannel plate for each 
xncident photoelectron and thus corresponds to each 
initially detected photon. The combination of the 
microchannel plates 34 thus enables extremely small 
amounts of light to be detected. 
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A resistive anode encoder 3fi t 
benind tne microcnannel plates ^i-fly 
"-St into signals wnicn can be ^ ^-tro n 

two-dimensional x-y addr Pressed easily into a 

5 tnus tne sample. Tnus !!" ° f detected P«°ton and 

Present a l inear x regls . Fl9 " 1 ls to 

-ent. Tne read . c J t ^£"*" lon ° f P«°toelectron 
3S is suitably processeTt °» n ^on al electrodes 

10 representation £ y ! "fT"* dl »"-* 

pnotoelectron (and tnus t„! °" °' *"* 

■Ugital converter a IV ** " al °9-to- 

1. Tnus, by tne use of tnTI.au Sn ° Vn in 

16. tne full i m age of all of 7 9 P "° todete «« 

1= dimensions is created b \ " in tW ° 

onto tne pnotocatnode 32 o»o! k ^ *° CUSea 

Present system detects e;/ 1 " 5 " 10 ' 0 "- Tnus < *~ 
- -tiple ^in;:%e\lL~ rotaT" 0 " rela "" 9 

a j sznaxi amounts of n„ h i. 
single pnoton. and quantrfie *° *«*»«»g a 

specific x . y s^ier:pizr^ n sr ation f °* — ■ 

prefer^aTtne' s'ysteT ^ Pn ° t0 " is 
» as tne 1^1^^ 3 ST^ 1- ^ 

"e art. Tney are used in / " eU known in 

lensing systel tac Z^T^ 0 " *" ° PtiCal 

wnicn focuses lignt fr^n "^VZ^ * " 

array lo in Pig . „ J^TJ^ -e stigated 
30 anoun, =s of lignt fro™ individuals „, V «^"9 

individual pixels uitnin Z ctl 7 !' "™ in ° ident 0 " 

«r«rent levels proportional to t„ e ZZrTl ^ *° ' 
Tnus tne optical ^. incident lignt. 

10 is avarfab" in anal r " f ~ ""y 

35 array 1 6 . T^e analoT f °* «Z 

Tne analog rnformation is tnen snifted out 
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of tne CCD and converted to digital form in a well known 
manner by tne analog-to-digital converter 20 and is 
tnen coupled to a memory in computer 24 wnere tne various 
measurement levels and comparisons can be made by 
appropriate manipulation of tne digital information. See 
"Imaging", Tne Optical Industry and System Purcnasing 
Directory, 1983, pp. E-72 to E-74 . 

As is well known in tne prior art, tne individual 
pixels witnin a CCD array are closely spaced and arranged 
horizontally in rows and vertically in columns so tnat a 
given CCD imaging device 16 provides a fixed number of 
Pixels of information. For instance, some CCD's nave 320 
vertical columns of pixels and 512 horizontal rows of 
pixels . 

CCD's nave several characteristics wnicn make them 
advantageous in the present invention as an imaging 
device. CCD's are small and rugged and have closely 
spaced pixels and are therefore useful where, as here, 
precise measurements are required. They also receive'an 
image by the direct reception of lignt energy without 
being scanned, and store the received data until the data 
are transferred to another storage device. Further, the 
data received from the CCD can be processed by simple 
comparison or detection techniques, thereby avoiding 
complex and major time-consuming sampling techniques 
ordinarily used to process sucn data. 

Another imaging device wnicn can be used instead of 
an imaging photon detector or a CCD is a vidicon tube. 
The name vidicon is. generally applied to any of a variety 
of tubes having a pnotoconductive target. The vidicon 
operates in a well known manner and utilises an electron 
beam to scan a light-sensitive pnotoconductive target, a 
transparent conductive layer applied to the front side of 
the pnotoconductor serves as the signal or target 
electrode. Tne target electrode is operated at a 
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Positive voltage „ itn 

pnotoconductor wnicn operates 7. ^ °* tne 

volta 9 e. In operation tn . " ""f 2er °' 
cnarges tne bac* side of tne taro !' f ™ initia "y 
Potential. „„ en . x ^J^' 'tetrode to catnode 

loosed on tne pnotoconducto lt Pn ° t0n ' *' 

» '»= illuminated areas and tne b.T 
cnarges to more positive values T „ "f * ° f 
"ads tne signal by deposit!™ , elECtr ™ tnen 

Positively cnarged are! t "! °" tne 

oapacitively coupled T^TllTj^^ * 
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particular wavelength corresponding to an antibody 
labelled with a particular indicator pass through to the 
xmaging detector 16. m this manner, the novel imaging 
immunoassay detection system can be made wavelength 
selective, thereby permitting greater flexibility and 
sensitivity. 

It will be understood, of course, that if a 
fluorescing material, such as fluorescein, is used as the 
label, invisible ultraviolet light or black light will 
have to be used. Fig. 7 illustrates such apparatus, 
wherein an ultraviolet light source 54 is powered by an 
appropriate power source 56. Ultraviolet light rays 58 
impinge on samples in carrier 10 which fluoresce if a 
reaction takes place. The remainder of the circuit 
operates as described above in connection with Pig. 1. 

As shown in Fig. 6, the signals detected by imaging 
device 16, representing background noise and sample 
signals combined, are stored in a memory 4 2 of 
microprocessor 24. The detected signals representing 
background noise alone are stored in a memory 44 of 
microprocessor 16. By coupling these two stored signals 
on lines 46 and 48 to an arithmetic unit 50, and 
subtracting one from the other an output signal is 
obtained on a line 52, which represents substantially 
only pure photon emission from any selected reactant 
sample. Thus, background noise is substantially 
eliminated or minimised. 

The system of the present invention can be used in 
conjunction with labelled DNA or RNA probes instead of 
antibodies as a diagnostic tool. DNA probes or RNA 
probes are specific sequences of amino-acids that are 
complementary to particular sequences of a sample piece 
of DNA or RNA. These probe pieces of DNA or RNA can be 
labelled with an indicator so as to generate a signal, 
analogous to an immunoassay, and would be contained in a 
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carrier 10 such as shown in Pi, , . 

«■» ^ first reeved from . „.£ ^ *» ~' th * c 
sample containinq a DNA or RH. « structure i„ , 

is bound to a surface sul sequence. The DNA or 

3 denatured so that it" 0^1^^' ^ *' ^ 
separated. The DMA or una >. strands are 
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in the sample, the samr>]« * * P iS P re sent 
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10 unbound label is wa.h^ combine. The 
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the analyte of interest th» k antlb ° dy ' is ^und to 
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reading of the cenfr.i read. The 

-s embodiment^ Z^ZZZ of eT^ 
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electrons. m the present case the H "^"^ b * 
receives qa™ radiation frl the XabeUeT" 
in turn, emits photons „M„h Uea a "alyte and, 

30 detection system" Thus 'n * 
the phosphor screen which «o.IJ'.~^" 
reaction and emits light 12 which tl T * 
and processed in the manner explained "* ° P "" " 
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described hereinabove. Other types of gamma-to-photon 
conversion means are also usable and within the scope of 
the present invention. 

As an illustration of the sensitivity of the IPD 
array detector system, the well established firefly 
luciferase/luciferin-based assay for ATP provides a 
useful reference. Thus, using the standard "Lumac" 
firefly lucif erase/lucif erin reagents for the 
bioluminescent ATP assay in the Lumac Biocounter 
luminometer, the lower limit for the assay (carried out 
as recommended by the manufacturer) is set by the 
"background" count of photons (of about 10/second) 
typically experienced. This sets the lower limit of the 
determination at about 5x1 0" 15 moles ATP per sample. In 
contrast, using the IPD system described above, the lower 
limit of the determination, using similar criteria, is 
set at about 5xl0~ 17 moles ATP. 

The invention will be further illustrated in 
conjunction with the following Example, which is set 
forth for purposes of illustration only and not by way of 
limitation . 
Example 

Monoclonal antibodies are prepared according to the 
method of Kohler and Milstein noted above. In 
particular, an antibody to Shigella is prepared by the 
procedure described in WO-A-86/00035 and labelled with 
luminescent compounds such as the firefly 
luciferase/luciferin/ATP system. These luminescent 
labelled antibodies are then adsorbed onto the surface of 
a microti ter tray. Additionally, each well of the tray 
may contain labelled monoclonal antibodies to different 
antigens, thus allowing diagnosis for the presence of a 
wide variety of different antigens at the same time. 
This microtiter tray thus contains a number of known 
antibodies at known x-y addresses or areas on the tray. 
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The tray is then washed with th. 

unknown antigen (s. and an anti- SPeCXI " en c °"ai„i n9 
occurs. Next, the trav L ^ rea « ion 
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in the specimen a"re Z ^ °* ^ Unkn °»" 
generated by the characte i c by th * P**™. 

reactions and their x-y Toe" antl 9— tibody 

y locatxon on the nicrotiter tray 
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CLAIMS 

1. A system for detecting photons generated by a 
chemical reaction, which comprises: " 

a sample carrier having spaced-apart discrete areas 
5 each containing a reactant capable of emitting photons if 
a reaction takes place; 

a photon receiver, for receiving photons emitted 
from each reaction simultaneously; and 

a signal generator coupled to the photon receiver, 
10 for generating a signal representing the x-y location of 
each reaction; 

whereby each reaction and the number of its photon 
emissions during a predetermined period of time may be 
simultaneously identified. 
15 2. A system according to claim 1, wherein the signal 
generator is a photomultiplier tube having a 
photoconductive target, a charge-coupled device or a 
vidicon tube, for producing x-y location output signals 
representing the light intensity or number of photons 
20 emitted by each reaction. 

3. A system according to claim 1 or claim 2, which 
further comprises : 

a computer coupled to the signal generator, for 
receiving and storing each of the signals, whereby the 
25 x-y location and number of photons generated by each 

reaction during the predetermined period of time can be 
accessed; and 

display means coupled to the computer, for 
presenting a representation of each reaction area and the 
30 number of its photon emissions. 

4. — A system according to any preceding claim, which 
comprises means for subtracting background noise signals 
from signals representing reactions, whereby the 
resulting signal represents substantially only photon 

35 emissions from the reactions. 
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I!!"T; SaitS ll9ht ° f 3 " aVele ^" Afferent fron, that 
emitted from other reactions. 

11. A system according to any preceding claim, wherein 
each reactant is a labelled monoclonal antibody against 
an antigen, and the label emits l ight on faction between 
the antibody and the antigen. 

1?. A system according to any of claims 1 to 10, wherein 
each reactant is a labelled DNA or RNA probe specific for 
its complementary sequence in DNA or RNA , respectively 
and the label emits light on reaction between the probe 
and a sample containing the complementary sequence 

13. A system according to any of claims 1 to 9 , wherein 
each reactant is an isotope-labelled antibody, and gamma 
rays are emitted on reaction between the antibody and an 
antigen; if desired, the system further comprises a 
Phosphor screen, for converting the emitted gamma rays 
into light photons. 

14. A method of detecting chemical reactions, which 
comprises detecting photons emitted, on reaction, from 
spaced-apart discrete areas each containing a reactant 
capable of emitting photons when the reaction takes 
Place, and simultaneously determining the x-y location of 
each photon emitted. 

15. A method according to claim 14, which further 
comprises determining the total photon emission of any 
reacting sample during the given time. 

16. A method according to claim 12 or claim 13, which 
comprises a step or steps corresponding to the function 
defined for a system according to any of claims 3 to 6 

17. A method of detecting chemical reactions, by using a 
system according to any of claims 1 to 13, which 
comprises introducing an analyte on to the discrete areas 
of the sample carrier, wherein one of the analyte and the 
sample carrier contains the said reactant and the other 
xs under test to determine whether or not it contains a 
component which reacts with the reactant. 
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(54) Imaging immunoassay detection system and method. 

© Light generated by one or more chemical reactions in a 
discrete array is determined, both as to emissions per reac- 
tion and as to relative location of the reactions, e.g. by using a 
system comprising: 

a sample carrier having spaced-apart discrete areas each 
containing a reactant capable of emitting fight photons if a 
reaction takes place; 

a photon receiver, for receiving photons emitted from 
each reaction simultaneously; and 

a signal generator coupled to the photon receiver, for 
generating a signal representing the x-y location of each 
reaction. 

The signal generator may be a photomultiplier, charge- 
coupled device or vidicon tube. The invention is particularly 
suited to the determination of reactions and non-reactions, 
e.g. between an array of labelled antibodies and a specimen 
potentially containing one or more complementary antigens, 
in an immunoassay. 
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